The fact that temperate grasslands often contain upwards of 30 vascular plant species per m 2 yet these species seem to have relatively similar life histories and resource requirements has made explaining species coexistence in these communities a major focus of research. While the reduction of competition by disturbance has been a popular explanation for species coexistence, in tallgrass prairies any level of disturbance either has no effect, or decreases diversity, since it favors the dominant plants. Although there has long been speculation that grassland species could coexist by niche partitioning the concept received renewed interest when it was shown that soil hydrology could explain species coexistence. One aspect of community structure that has not been explained by niche partitioning is the rareness and commonness of species within communities. There are three classes of explanations for rareness: narrow habitat requirements, low competitive ability combined with frequency dependent fitness and, dispersal ability. However, evidence for these explanations tend to be anecdotal, focusing on particular species. Here I show that in tallgrass prairies common and rare species consistently occupy different parts of niche space, with rare species being restricted by the cover of common species and occupying the rare available niches.
T wo of the central questions in ecology are why are there so many species in communities and what role do they play in the functioning of ecosystems. Traditionally, animal communities have been viewed as having many resource niches whereas plants have few due to their similar resource requirements 1, 2 . Plant ecologists have therefore focused attention on processes, such as disturbance, that reduce competitive exclusion by species that share the same niches 3, 4 . However, there has been renewed interest in the concept that plants can show differentiation both in terms of the traits that species posses and their distribution relative to resources and environmental conditions [5] [6] [7] . Absent from this analysis is consideration of species abundance within communities. Plant communities, like all other community types, have a few dominant and many rare species. Explaining why a species is rare needs to be addressed before we can understand the role it plays within an ecosystem. A number of causes rarity have been proposed including ecological equivalency, frequency dependent selection and narrow niche requirements [8] [9] [10] . Determining the role each of these factors plays in the abundance of species requires analyses of all community members, as opposed to determining the habitat requirements for select rare species 11 . Tallgrass prairies occupy the eastern-most portion of the central grasslands of North America. While disturbance by fire and large grazers have traditionally been part of these communities, it does not increase diversity [12] [13] [14] .
In the northern part of the range, tallgrass prairies are restricted to lowland sites on poorly drained soils derived from silt deposits from glacial lake Agassiz. Most this region has been converted into agricultural lands. The remaining tallgrass communities mostly exist in quarter sections (16 ha) that have distinct management regimes. Spring snowmelt creates soil anaerobic conditions and summer drought can result in a soil water deficit. The hydrological niche of these communities can therefore be defined along two axes: the number of flooding days in the spring, and the number of dry soil days in the summer.
Results and Discussion
On the three sampled sites, common species where found near the center of the available hydrological niche space ( Figure 1 ). This is to be expected, since by definition common species are frequently found in plots used to define the hydrological niche. The total cover of common species also set an upper limit on the number of rare species present in a plot ( Figure 2 ). This suggests that when the common species are abundant they exclude rare species. While the rare species could be found anywhere in the available niche space, they were distributed around the cluster of common species. Common species were associated with significantly higher quantile values of available niche space (0.82 6 0.12, mean 6 standard deviation) than rare species (0.63 1 0.26, p , 0.001), indicating that rare species occurred in less common niche space than the common species. This pattern supports the idea that the niches of rare species are different from those of common species. However, it is not a particular niche value that is associated with rare species but the rareness of the niche itself. The separation of rare and common species in niche space does not support the idea of frequency dependent selection since it would result in rare and common species occupying similar niche space. However, it is likely that the niches of rare and common species are constantly shifting and overlapping in theses communities for two reasons. First, the driest and wettest sites (Doyle and Prairie Shore) had distinct soil hydrologies yet most (62%) of the species were found on both sites. So, the realized niche of these commonly occurring species shifts from site to site, showing an average shift of 31 soil drying, and 13 anaerobic days, respectively, while generally maintaining the same relative position to one another. Secondly, given the variability of annual precipitation in this region 15 it is certain the hydrological niche will shift from year to year within a site. This may then cause the common species to displace the rare species. This would support the concept of core species displacing satellite species, which persist in a region by constantly dispersing into new sites 16 . Under stable conditions the separation of rare and common species may prevent local extinction of rare species by competitive exclusion. A fundamental question in ecology is the role of diversity in the functioning of ecosystems.
While much of the experimental work on this question has not considered the distribution of species within communities (e.g. 17, 18 ), the results presented suggest that the distribution of rare and common species must be considered before we can adequately assess their roles in the functioning of ecosystems.
Methods
The study took place in on the Tall Grass Prairie Preserve in southern Manitoba (49u 089 N, 96u 409 W). Three sites (Doyle, Prairie Shore, and Machnee) that had been burned 1, 3 and 7 years before sampling, respectively, were sampled. Elevation change between the plots varied from 34 to 89 cm on the sites. On each site vegetation and soil hydrology were monitored in 30, 1 m 3 1 m plots. Soil surface drying, and anaerobic conditions caused by flooding were measured on a bi weekly basis throughout the growing season. Surface soil water content was measured using a Theta probe by averaging the moisture at each corner of a plot. Soil anaerobic conditions were measured on the same days. Steel rods 3 mm in diameter were stuck into the soil of each plot and the depth at which the soil became anaerobic was defined as the depth where rust no longer formed on the rods after two weeks in the ground 19 . These data were used to estimate the number of days required for the anaerobic layer to drop below a threshold depth of 15 cm, and the number of days in the growing season the volumetric water content at the surface of the soil was below a threshold of 0.4 m 3 m 23 in each plot. The coefficients of determination for the fits between soil drying and flooding over time were 0.89 6 0.05 and 0.78 6 0.18 (mean 1 standard deviation), respectively. Varying the anaerobic soil depth threshold from 5 to 25 cm and the soil drying threshold from 0.3 to 0.5 m 3 m 23 did not affect the overall results. The soil hydrology estimates were used to construct a two dimensional (soil drying and anaerobic days) probability distribution using Guassian kernel density estimation with bandwidths set to the standard deviation of the smoothing kernel 20 (using the KernSmooth function in R). The mean hydrological niche for each species was calculated as the hydrological conditions on the plots where the species was found weighted by its abundance in each of these plots. This mean hydrological niche of each species was then used to determine how much of the available niche space, in terms of the quantile of the distribution of the site hydrology, the species occupied. Species were then classified as being either common or rare. I used a number of criteria for this classification, all giving the same result (common species in the upper 25 th quantile of the frequency of occurrence and rare species less than the 75 th quantile; rare species less than the 75 th quantile of frequency of occurrence and common specie in the upper quantiles up to and equal information content of the rare species). Here I show the results where the common species are defined as those in the upper 25 th quantile of frequency of occurrence and rare species are defined as the most infrequent species up to an information content equal to the common species 21 . The common species were either C3 grasses, C4 grasses, sedges or forbs. The rare species included these plant types as well as woody species, nitrogen fixing forbs, and hemiparasitic forbs. The quantile values of available niche space were compared between rare and common species using a t test for individual sites and all sites pooled. 
